INTRODUCTION
Beauty is the fi nest expression of human emotions. The improvement of facial esthetics has rapidly become one of the desirable objectives of orthodontic treatment. [1] The role of the hard skeletal structure in infl uencing the facial form is a recognized and accepted fact. [2] Superimposed upon a dento-skeletal framework lies a variable soft tissue mass comprising epithelium, connective tissue, and muscle. Variation in this soft tissue veneer can be an important factor in case analysis. [3] Less attention has been directed towards providing [7] and greatly infl uences the degree of profi le convexity. [8] Nasal growth proceeds at a relatively constant rate into adolescence and is almost completed by the age of 16 years in girls and 18 years in boys. However, long-term studies by Behrent indicated a considerable amount of nasal growth during adulthood. [6] Previous studies on nose growth (Subtelny, Posen, Chaconas, Wisth) agree that the growth is in a downward and anterior direction, with a yearly increase in nose length of approximately 1.5 millimeters. [8] The form and profi le of the nose depends upon both the bony and cartilaginous components and upon the overlying muscles and the integument. All of the elements vary in size, in shape, and in their spatial relation to one another. [9] The cartilaginous nasal septum has been shown, in animal experiments, to play an important role in the development not only of the nose but also of the maxilla. [10] Scott suggested that the cartilaginous nasal septum is a primary growth center, which pushes and thrusts the mid face downwards and forward, and also no morphologic or chronologic differences in development of the cranial base were detected between the normal and cleft fetuses. [11] The goal of orthodontic treatment targets improvement of patients life through enhancement of dentofacial functions and esthetics, to reduce orthodontic treatment duration is an issue of importance, particularly for adults, [12] Changes in the soft-tissue profi le with age follow the growth in the underlying hard tissues but are not directly correlated. The convexity of the face increases with age, as nasal growth mainly occurs in the antero-inferior direction. [13] Although orthodontic treatment does not affect the shape of the nose, the proximity of the nose to tissues affected by such treatment suggests that more long-term consideration should be given to nasal growth and development. [14] The present study was aimed to correlate nasal morphology with sagittal and vertical maxillary skeletal pattern and to evaluate the infl uence of gender on nasal pattern.
Evaluation of nasal morphology in predicting vertical and sagittal maxillary skeletal discrepancies'

MATERIALS AND METHODS
A random sample consisting the pre-treatment lateral cephalograms of 180 South Indian adults (94 women, 86 men) with mean ages between 18 and 28 years were selected from the records of the Orthodontics department, Narayana Dental College and Hospital between 2006 and 2012. All the individuals were in the permanent dentition, and none had any facial congenital anomaly or prior history of orthodontic treatment, surgery, or trauma to the face. Six maxillary skeletal and nasal soft tissue parameters [15, 16] were identifi ed on the standard lateral cephalograms, and were recorded on a lead acetate tracing paper with a 3H pencil. To test the reliability of measurements used (error of method evaluation), 50 cephalometric radiographs were selected at random and were retraced in an interval of 1 week. Method errors were calculated by Dahlberg's formula. Thereafter, the measurements were compared by the paired t test for evaluation of systematic errors, at a signifi cance level of 5% (P < 0.05).
Various cephalometric landmarks, reference planes were used to assess the maxillary skeleton and the nose [ Figures 1 and 2 ]. 
Statistical analysis
The statistical analysis of the observations included descriptive and inferential statistics. Normality assumptions of data distribution were tested by Shapiro-wilks test. Data was summarized by means and standard deviation. Pearson correlation coeffi cient test was used to determine whether soft tissue nasal parameters had a linear correlation with maxillary skeletal measurements and also to determine the extent of correlation within nasal parameters. The one-way analysis of variance (ANOVA) was used to analyze the effect of gender variations on nasal parameters. The statistical analyses were performed with SPSS software (version 20).
Error analysis
To test the reliability of measures used (error of method evaluation), 50 cephalometric radiographs were selected at random and were retraced in an interval of 1 week. Method errors were calculated by Dahlberg's formula. Thereafter, the measurements were compared by the paired t test for evaluation of systematic errors, at a significance level of 5% (P < 0.05).
RESULTS
The descriptive data of maxillary skeletal and soft tissue nasal parameters [ Table 1 ] were correlated with Pearson correlation coeffi cients between the maxillary skeletal and soft tissue nasal parameters [ Table 2 ].
• Nasal length showed statistically insignifi cant 
DISCUSSION
When nasal length was correlated with sagittal skeletal parameters [ Table 2 ], nasal length depicted an insignifi cant (0.26) weak positive correlation (0.084) with SNA, and similar fi ndings were also noticed when it is related to N perpendicular to A (r = −0.071, P = 0.34). This is contradicted by the findings of Gulsen et al. [17] who demonstrated a signifi cant weak negative correlation of nasal length with SNA and N perpendicular to A. Nasal length also showed a signifi cant (0.04) low positive correlation (0.15) with the length of maxillary base. When correlated with vertical skeletal parameters [ Table 2 ], it depicted a significant and high positive correlation with anterior maxillary height, which was in accordance with the fi ndings of Gulsen et al., [17] Karan Nehra and Vineet Sharma. [6] A signifi cant (P < 0.001) low positive correlation (r = 0.29) was also observed with posterior maxillary height and a signifi cant (P < 0.001) low negative correlation (r = −0.34) with angle of inclination, indicating an increased nasal length with downward or clockwise rotation of palatal plane, and decreased nasal length with upward or anti-clockwise rotation of palatal plane. [6] When nasal depth was correlated with sagittal skeletal parameters [ Table 2 ], it showed an insignifi cant (0.89) weak negative correlation (−0.10) with SNA, and with N perpendicular to A too reflected a signifi cant (P < 0.001) low positive correlation (0.28) with the length of maxillary base which is in accordance with the fi ndings of Gulsen et al. [17] Nasal depth when correlated with vertical skeletal parameters [ Table 2 ] depicted a signifi cant (P < 0.001) and low positive correlation (r = 0.43) with anterior maxillary height and a signifi cant (P < 0.001) low positive correlation (r = 0.292) with posterior maxillary height, which is similar to that of the fi ndings of Gulsen et al. [17] Nasal depth has also shown a signifi cant (P = 0.90) low negative correlation (r = −0.01) with angle of inclination. Based on these fi ndings, one can expect long nose with an increased nasal prominence (nasal depth) in sagittal and vertical maxillary excess and a short nose with decreased nasal prominence in sagittal and vertical maxillary defi ciency. Both nasal length and prominence are highly infl uenced by anteroposterior length of maxilla than its position. Naso-labial angle showed no signifi cant correlation with sagittal and vertical maxillary skeletal parameters. When nasolabial angle was correlated with sagittal skeletal parameters [ Table 2 Nasal tip angle (N -Prn-Cm) studied in relation with sagittal skeletal parameters [ Table 2 ] depicted an insignificant low negative correlation with SNA (r = −0.019, P = 0.80), with N perpendicular to A (r = −0.013, P = 0.86) and a signifi cant low negative correlation with length of maxillary base (r = −0.171, P = 0.02).
when related with vertical skeletal parameters [ Table 2 ], it showed an insignificant (0.15) low negative correlation (−0.108) with maxillary anterior height and with posterior maxillary height (P = 0.19, r = −0.09), which was in agreement with the previous studies. [6] When related with angle of inclination, it showed an insignifi cant (0.34) low negative correlation(−0.071), which was contrary to the fi ndings of Karan Nehra and Vineet Sharma [6] where they demonstrated a positive correlation of Nasal tip angle.
Columella convexity of the nose studied in relation with sagittal skeletal parameters [ Table 2 ] showed an insignifi cant low positive correlation with SNA (r =0.014, P = 0.85) and N perpendicular to A (r = 0.046, P = 0.54). This contradicts the fi ndings reported by Gulsen et al., [17] where they demonstrated a signifi cant (P < 0.05) negative correlation (−0.128) with SNA, and insignifi cant negative correlation (−0.115) with N perpendicular to A. The signifi cant (P < 0.001) low positive correlation (0.28) of columella convexity with the length of maxilla agrees with the fi ndings of Gulsen et al. [17] Columella convexity of the nose when related with vertical skeletal parameters [ Table 2 ] showed a highly signifi cant low positive correlation with both anterior maxillary height (r = 0.22, P < 0.001) and posterior maxillary height (r = 0.216, P < 0.001)., -with angle of inclination of maxilla it showed an insignifi cant (0.61) low positive correlation (0.039).
Nasal hump depicted an insignificant and a weak correlation with all of the maxillary skeletal parameters. When related with vertical skeletal parameters [ Table 2 ], it showed an insignifi cant (0.30) low positive correlation (0.078) with SNA, which is contrary to the fi ndings of Gulsen et al. [17] and an insignifi cant (0.19) low negative correlation (−0.098) with N perpendicular to A, which was similar to the fi ndings.
When related with vertical skeletal parameters [ Table 2 ], nasal hump showed an insignifi cant low negative correlation with anterior (r= −0.086, P = 0.25) and posterior maxillary height (r= −0.037, P = 0.62). It also showed an insignificant (0.35), low positive correlation (0.071) with angle of inclination.
Gulsen et al. [17] reported a significant positive correlation of nasal length with nasal depth. These fi ndings are supported by Karan Nehra and Vineet Sharma. [6] The fi ndings of the present study agree with their fi ndings, depicting a signifi cant (P < 0.001) high positive correlation (0.50) of nasal length with nasal depth [ Table 3 ]. Nasal length also showed a signifi cant (0.011) low positive correlation (0.189) with nasal hump [Table 3 ]. Thus, based on these fi ndings, one can expect the people with long nose to have Table 3 ], comparative to the fi ndings of previous studies. [17] Gulsenet al. [17] reported a signifi cant (P < 0.01) low negative correlation (−0.209) of nasal depth with nasolabial angle. This is contradicted by Karan Nehra and Vineet Sharma, [6] where they reported an insignifi cant (0.404) low positive correlation (0.061) between nasal depth and nasolabial angle. The fi ndings of the present study were coinciding with the fi ndings of Karan Nehra and Vineet Sharma, [6] but with variation in signifi cance levels. Nasal depth showed a signifi cant (0.04) low positive correlation (0.15) with nasolabial angle, Columella convexity (P < 0.001, r = 0.46), nasal hump (P < 0.001, r = 0.257), and with nasal tip angle.
Nasolabial angle showed a signifi cant (P < 0.001) high positive correlation (0.54) with nasal tip angle and a signifi cant (P = < 0.001) low negative correlation (r= −0.316) with Columella convexity. It also showed a signifi cant (P = 0.009) very low positive correlation (0.19) with nasal hump.
Nasal tip angle showed a signifi cant (P < 0.001) high negative correlation with (−0.62) with columella convexity, and an insignifi cant (0.13) low negative correlation (−0.11) with nasal hump. Columella convexity depicted an insignifi cant (P = 0.31) low negative (−0.076) correlation with nasal hump, which is contradicting the fi ndings of Gulsen et al., [17] who suggested a significant (P < 0.001) low positive correlation (0.221) between columella convexity and nasal hump.
Ferrario et al. [7] studied the growth and development of nose, three dimensionally, and found that volume of nose, external nasal surface, and linear distances were larger in males than in females, with exception of 11-12 years, where females exceeded males with respect to few nasal parameters. Enlow and Hans [18] also reported that the male nose was proportionately larger, more protrusive, and longer than the female nose.
In the present study, a signifi cant infl uence of sex on nasal parameters was observed [ Table 4a , 4b and Figure 3 ]. With nasal length and nasal depth being more in males (N length = 50.26 ± 4.18, N depth = 18.64 ± 2.56) than in females (N length = 48.86 ± 3.45, N depth = 16.63 ± 2.16), and the difference was found to be statistically signifi cant. Fitzgerald et al. [19] who evaluated the nasolabial angle and the relative inclinations of the nose and upper lip in young white adults found no signifi cant gender variation with regard to the nasolabial angle, with the values being 113.55° ± 9.44° in males and 116.19° in females, and the difference was found to be statistically insignifi cant.
Anic Milosevic et al. [20] studied the soft tissue facial profi le by means of angular measurements, and found a statistically signifi cant (P = 0.018) gender variation of nasolabial angle, with angle being more or wider in women (109.39° ± 7.84°) than in men (105.42° ± 9.52°).
In the present study, no signifi cant (0.338) gender variations were found regarding nasolabial angle, with mean and standard deviation of naso-labial angle being 87.26° ± 13.79° in males, and 89.38° ± 15.72° in females.
Nasal tip angle showed a significant (P < 0.001) difference between males (73.60° ± 10.24°) and females (80.18° ± 9.44°), with the angle being wider in females than in males. Columella convexity is more in males (4.31 ± 1.26) than in females (3.41 ± 1.13). Nasal hump showed no significant (0.97) gender variations, with mean values being -2.01 ± 1.76 in males and -2.02 ± 1.62 in females, which is contradicting the fi ndings of Gulsen et al. [17] where he reported a signifi cant difference in nasal hump, with nasal hump being more in males. pattern, only three nasal parameters -nasal length, nasal depth, and Columella convexity showed significant positive correlation with both anterior (N-ANS) and posterior (S-PNS) vertical maxillary height, whereas the only nasal parameter that showed signifi cant correlation with angle of inclination (AOI) of palatal plane was nasal length. 3. A signifi cant infl uence of gender variation was seen on all the nasal parameters, except nasolabial angle (NLA) and nasal hump. Nasal length, nasal depth, columella convexity, and nasal hump were more in males than in females, while nasolabial angle (NLA) and nasal tip angle were wider in females than in males.
The present study was conducted on south Indian origin individuals, and thus the results cannot be generalized, as the nasal pattern differs from individual to individual and form human race to race. Thus, the study needs to be further compared and correlated with future studies and larger samples to establish any standardized norms. 
CONCLUSION
The following conclusions were obtained from the study: 1. Most of the nasal parameters, when correlated with sagittal maxillary skeletal pattern, showed signifi cant correlation with length of the maxillary base (PNS-A), but none of the parameters showed signifi cant correlation with the position of the maxilla (SNA, N perpendicular to A). Thus, anteroposterior or sagittal length of maxilla showed greater infl uence on nasal pattern than its position. Nasal length, nasal depth, and Columella convexity showed a significant low positive correlation with the length of maxillary base, while nasal hump had a statistically insignifi cant very low positive correlation. Nasolabial angle showed an insignificant low negative correlation with the length of the maxillary base (PNS-A), whereas nasal tip angle had a statistically signifi cant low negative correlation. 
When correlated with vertical maxillary skeletal
